This review provides an up-to-date and practical clinical perspective to the diagnosis of endocrine causes of hypertension. Primary aldosteronism, Cushing's Syndrome, pheochromocytoma acromegaly, thyroid dysfunction and hyperparathyroidism are considered.
ABSTRACT:
Hypertension is a leading cardiovascular risk factor that remains difficult to manage in a large segment of the population. Secondary causes of hypertension, which are amenable to targeted treatment or even cure, may contribute to poor blood pressure control. The most common endocrine cause, primary aldosteronism, requires biochemical screening as there are often no symptoms or signs other than hypertension. Screening tests should be performed after adequate preparation to optimize the results and minimize the confounding effects of diet and medications. Further testing beyond the initial screen generally requires input from specialist units to coordinate confirmatory tests and radiological procedures. Other less common or even rare endocrine causes of hypertension generally present with symptoms and signs of pituitary, adrenal, thyroid or parathyroid dysfunction rather than hypertension per se. Here, we review the endocrine causes of hypertension and provide a practical approach to their diagnosis. . A contributing factor to inadequate BP control may be undiagnosed secondary hypertension. Secondary hypertension affects 5-10% of the general hypertensive population based on conservative estimates but could be more common than currently recognized. 3, 4 Identifiable aetiologies can be broadly categorized into renal (renal artery stenosis, renal parenchymal disease), cardiovascular (coarctation of the aorta), endocrine (predominantly primary aldosteronism (PA); less commonly present in 20-25% of patients with PA when it was once thought to be a hallmark of the condition. 7 Biosynthesis of aldosterone from the adrenal zona glomerulosa is primarily regulated by the renin-angiotensin system, extracellular potassium concentration and, to a lesser extent, adrenocorticotropin (ACTH). 8 The main effects of aldosterone are mediated by the mineralocorticoid receptor (MR) in the epithelial cells of the renal collecting duct. 9 MR activation promotes sodium reabsorption, mainly via the epithelial sodium channel, and potassium excretion via Na +/ K + -ATPase. Hydrogen ion loss also occurs, which can cause a metabolic alkalosis. In PA, aldosterone production is autonomous, thereby leading to normal or elevated aldosterone levels that are not suppressible by sodium loading or volume expansion, together with low or suppressed renin.
Primary aldosteronism is now recognized as the most common specifically treatable cause of hypertension with a prevalence ranging from 4.6% to 13.0% in patients with hypertension and up to 20% in those with refractory hypertension. [10] [11] [12] [13] Early detection is vital as undiagnosed and untreated PA is associated with increased cardiovascular, renal and metabolic morbidity and mortality related specifically to the effect of aldosterone excess on the MR in a range of target tissues. [14] [15] [16] [17] Furthermore, treatment outcomes for PA are better in patients with a shorter duration of disease. 18, 19 The early detection of PA crucially depends on screening by general practitioners who are the first port of call for hypertensive patients. However, a recent study performed in German and Italian general practitioners demonstrated a surprisingly low knowledge of PA and its diagnostic guidelines, resulting in substantial under-diagnosis of this disease. 20 Primary aldosteronism is a heterogeneous collection of conditions, including aldosterone-producing adenoma (APA; 35% prevalence), bilateral adrenal hyperplasia (BAH; 60%), unilateral adrenal hyperplasia (2%), aldosterone-producing adrenocortical carcinoma (<1%), ectopic APA (<1%) and familial hyperaldosteronism including type I (<1%), type II (1.2-6%), type III (rare) and type IV (rare), [21] [22] [23] and PASNA (PA, seizures and neurological abnormalities), a rare syndrome featuring PA and neuromuscular abnormalities. 24 APA and BAH constitute the majority of cases of PA although the exact proportion attributed to each condition depends on the availability of adrenal vein sampling (AVS), a diagnostic procedure used to lateralize aldosterone secretion. APA can be cured surgically and is therefore important to distinguish from BAH, which is treated medically. • hypertension and a family history of early onset hypertension or cerebrovascular accident at a young age (<40 years); and • all hypertensive first-degree relatives of patients with PA.
SCREENING FOR PRIMARY ALDOSTERONISM
The ARR was introduced in 1981 and remains the recommended screening test for PA 26 on the basis that isolated measurements of plasma aldosterone concentration (PAC), direct renin concentration (DRC) or plasma renin activity (PRA) show broad overlap between normal patients and those with PA. 26, 27 The ratio is more robust and less affected by diurnal variations and postural changes than individual measurements of PAC, DRC or PRA. 28 Despite its routine use, there are laboratory-based analytical issues in the measurement of ARR. Plasma aldosterone is generally measured by radioimmunoassay, which can be affected by antibody cross-reactivity with aldosterone metabolites, especially when using automated immunoassay platforms. 29 DRC assays may also display cross-reactivity with non-target molecules such as pro-renin while PRA assays are subject to variability in the incubation period and non-standardized approach to angiotensinase inhibition. 29 Developments in high-performance liquid chromatography and tandem mass spectrometry (LC-MS/MS) have allowed aldosterone and renin activity to be quantified in a more reproducible manner. [30] [31] [32] [33] An even more high-throughput method, immuno-matrix-assisted laser desorption ionization-based assay, has been proposed for PRA determination. 34 However, the challenges of LC-MS assay development and calibration, as well as the substantial cost, means radioimmunoassays remain the predominant methodology. At present, there are no firm recommendations for ARR cutoffs because of the variability of assays between laboratories and a range of units for measurement. PAC is reported as pg/mL, ng/dL, ng/L and pmol/L while PRA can be reported in ng/mL per h, pmol/L per min, nmol/L per h and DRC in ng/L or mU/L. As a result, published ARR thresholds appear widely discrepant. Furthermore, differences in patient populations and other confounding factors prevent generalization about the most appropriate ARR with thresholds between studies varying by more than 10-fold. 35 As a guide, suggested ranges rather than definitive values are included in the international guidelines as thresholds for positive screening 25 : • >20-40 ng/dL:g/mL per h for PAC/PRA • >3.8-7.7 ng/dL:ng/L for PAC/DRCthe ARR cut-off should be much lower than that indicated by the guidelines, that is, between 1.12 and 3.7 ng/dL:mU/L. 36, 37 At the authors' centre, ARR > 70 pmol/L:mU/L (PAC/DRC) is considered a positive screening test, leading to further confirmation testing.
Some centres also require an elevated PAC (usually >410 pmol/L or >15 ng/dL) as part of positive screening for PA, arguing that the ARR is very sensitive to the renin level and may be falsely elevated in patients with lowered renin, such as the elderly and the black African-American populations. [38] [39] [40] [41] [42] However, while the addition of a threshold aldosterone level will increase the specificity of the ARR, it will reduce the sensitivity of the screening process. 43 48 Renin levels low due to reduced renin secretory mass and salt/water retention Ageing 49 Decreases renin Within 1 h of assuming upright posture from lying Increase in aldosterone > increase in renin; more accurate ARR after 1-2 h of upright ambulation Luteal phase of menstrual cycle 50 Increases ARR (only affect DRC, not PRA) Combined oral contraceptives containing ethinyl-oestradiol and drospirenone 51, 52 Induce angiotensinogen production by the liver, increase angiotensin II, which reduces DRC (PRA unaffected). Drospirenone has MR antagonist properties increases aldosterone and PRA False negative Severe dietary salt restriction, malignant hypertension, pregnancy Increase renin activity Hypokalaemia Decreases aldosterone secretion Potassium-wasting diuretics (thiazides) and potassium-sparing diuretics (spironolactone, eplerenone and amiloride) Increase renin activity by causing volume contraction and sympathetic nervous system stimulation Dihydropyridine calcium channel antagonists (e.g. amlodipine)
Decrease aldosterone level; increase renin activity Angiotensin II receptor blockers, ACE-inhibitors Profound increase in renin due to interference with negative feedback of Ang II on renin production; decrease aldosterone Selective serotonin uptake inhibitors (sertraline, escitalopram)
In most cases, it is enough to stop only diuretics (in point 5) to have a diagnostic ARR and only when the results are still inconclusive that other interfering medications (in point 6) should be withdrawn.
In patients with renal impairment, interpretation of the ARR is particularly difficult because of activation of the reninangiotensin-aldosterone system with worsening renal failure. 56 Reduction in renal mass, especially as creatinine clearance drops to <70 m/min, is accompanied by a significant increase in plasma aldosterone level without a concurrent increase in renin, which, if anything, falls because of reducing reninproducing juxtaglomerular cell mass and sodium/fluid retention, thus leading to falsely elevated ARR. 57 A significant correlation has been noted between aldosterone level and rate of renal decay in a longitudinal study of diabetic patients 58 while earlier and more prominent renal damage has been noted in patients with PA compared with those with essential hypertension. 59 These observations highlight the importance of early screening for PA, before end-organ damage occurs and before renal function deteriorates to the point of confounding test results. Given the analytical complexities of measuring the ARR and the numerous factors that can influence its level, it is prudent to interpret the ARR in the full clinical context with attention to the medical and family history, severity of hypertension, resistance to antihypertensive medications, absolute aldosterone concentration and the presence of electrolyte disturbances. 60 Furthermore, one should not rely on a single ARR but rather demonstrate a repeatedly elevated ARR over time before proceeding to confirmation testing, especially if the ARR is equivocal. 61 
DIFFERENTIAL DIAGNOSIS OF SUPPRESSED RENIN IN HYPERTENSION
While PA is the most common cause of mineralocorticoiddriven hypertension, leading to suppressed renin with normal or elevated aldosterone, there are less common causes of hypertension with a suppressed renin. These are summarized in Table 2 (reviewed in the study of Pappachan  and Buch   62 ).
CONFIRMATORY DIAGNOSIS OF PRIMARY ALDOSTERONISM
An elevated ARR is not diagnostic of PA; it is a screening test. The ARR is highly sensitive but not very specific. 63, 64 Confirmation of PA requires the demonstration of at least partly autonomous aldosterone production in the presence of manoeuvres designed to suppress aldosterone in order to avoid false positive diagnoses and thus prevent inappropriate adrenal venous sampling or surgery. An argument could be made, however, for bypassing confirmatory testing in hypertensive patients with spontaneous hypokalaemia, very suppressed renin levels together with PAC > 550 pmol/L, who may be diagnosed as having PA without further evaluation because of the very low likelihood of having the disorder. 25 For other ARR positive patients, a number of confirmatory tests are available. They include the fludrocortisone suppression test, saline suppression test (SST) and oral salt loading, which all aim to expand plasma volume and hence suppress renin, or the captopril challenge test, which aims to suppress aldosterone via inhibition of angiotensin-converting enzyme. Their characteristics, advantages and limitations are summarized in Table 3 . Of note, the intravenous SST is traditionally performed in the recumbent position although a recent report suggested that a seated SST was superior for detecting those with bilateral disease. 65 This study observed that all cases of BAH (n = 11 in a cohort of 24 patients with PA), which tested positive with a fludrocortisone suppression test and seated SST, had post-saline aldosterone levels below the diagnostic threshold of 140 pmol/L for a recumbent SST. Further studies are required to substantiate this result. Currently, there is no universal gold standard; it is recommended that a test, or even two confirmatory tests according to the Japanese Endocrine Society Guidelines, 
SUBTYPING OF PRIMARY ALDOSTERONISM
Once PA is diagnosed based on confirmed autonomous aldosterone production, further testing is required to identify its subtype. Unilateral disease in the form of APA is important to distinguish from bilateral disease such as BAH as it is surgically curable. For patients who are not suitable surgical candidates, treatment should proceed as for BAH without further testing. Young patients with PA or those with a family history of hypertension and early stroke should also be tested for familial hyperaldosteronism type I, also known as glucocorticoid remediable aldosteronism (GRA). The diagnosis can be reliably made by genetic testing for a hybrid gene mutation composed of 11β-hydroxylase gene regulatory sequences and aldosterone synthase gene coding sequences, and which is regulated by ACTH. 77, 78 If diagnosed, family members should be screened for GRA as it is inherited in an autosomal dominant fashion. Identification of this subtype of PA is important as the aldosteronism and hypertension can be readily controlled with low-dose glucocorticoids (e.g. dexamethasone), which suppress expression of the hybrid gene. Early identification of GRA in prehypertensive stages may permit the early institution of dietary sodium restriction to delay the onset of hypertension and other sequelae. 7 All patients with PA who are potential surgical candidates should undergo a triple-phase adrenal CT scan to assist in subtype differentiation and to exclude large masses that may represent adrenal carcinoma. An magnetic resonance imaging (MRI) is slightly more sensitive but less specific and subject to motion artifact. 79 However, there are limitations to the use of CT as the sole test to differentiate between unilateral and bilateral disease as small adrenal adenomas < 1 cm may go undetected or be interpreted incorrectly as adrenal hyperplasia, while areas of hyperplasia may be called adenomas. Furthermore, non-functioning adrenal incidentalomas are not uncommon, especially in patients over 35-40 years of age and are indistinguishable radiologically from functioning adrenal adenomas. Currently, the most reliable method to differentiate unilateral from bilateral PA preoperatively is by AVS. 61 During 80 While an adrenal CT helps to define the anatomy of the adrenal veins, there is still considerable anatomic variability. 63 The use of CT during angiography to aid catheter positioning has been reported to improve cannulation success 81, 82 while intra-procedural rapid cortisol analysis to confirm successful cannulation is also useful but has limited availability at most centers. [83] [84] [85] Another factor that can significantly improve cannulation success rates is the focused expertise of one or two dedicated interventional radiologists who are responsible for all AVS at a large tertiary centre. [86] [87] [88] Success rate improves dramatically with the experience of the angiographer and can reach up to 96% in centres with a significant case load. [89] [90] [91] At the authors' centre, one dedicated radiologist has improved the success rate of AVS cannulation from 40% in 2009 to 70% in 2014, 92 and in 2017, it has been 100%. Overall, AVS is a safe procedure with <1% complication rate; even adrenal haemorrhage has a benign outcome causing either no or minor effects on adrenal function in a multicentric study. 93 The importance of AVS is highlighted by the poor concordance between the findings of adrenal CT and AVS 44, 89, 91, 94, 95 with one study showing that CT detected fewer than 25% of adrenal adenomas smaller than 1 cm and only correctly identified the adenoma in 53%. 90 
SUMMARY OF DIAGNOSIS OF PRIMARY ALDOSTERONISM
Screening for PA is a most worthwhile exercise in the investigation of hypertension as it is the commonest endocrine cause accounting for up to 13% of patients with hypertension in the community. Screening requires adequate patient preparation to achieve optimal results. It is ideal to screen patients before they are medicated to avoid the confounding effect of various antihypertensive drugs. If the patient is screened positive, referral to a specialist unit (endocrinology or endocrine hypertension clinics) for confirmatory testing and subtype analysis is prudent. The diagnostic processes have continued to improve over time, especially in centres with focused expertise, which emphasizes the importance of seeking specialist input when making the diagnosis.
CUSHING'S SYNDROME -CLINICAL AND SUBCLINICAL
Cushing's syndrome refers to a state of glucocorticoid excess with multiple deleterious manifestations, such as hypertension, obesity and glucose intolerance; all conferring increased cardiovascular risk. 104 The most common cause by far is iatrogenic from exogenous glucocorticoids, which initially needs to be excluded. Cushing's syndrome is considered a rare endocrine disorder with an incidence of 0.2-0.5 per million per year with 80% attributed to ACTHdependent causes and 20% due to ACTH-independent causes. 105 Recent literature on gene mutations in Cushing's disease such as USP8 and in adrenal Cushing's syndrome such as ARMC5, PRKACA and PRKAR1A has been reviewed elsewhere. [105] [106] [107] [108] [109] Initial diagnosis rests on clinical suspicions based on symptoms and signs, followed by multiple biochemical testing prior to any radiologic investigations. 105 Predictive features of Cushing's syndrome include proximal muscle weakness, thin skin and easy bruising. Other features that suggest Cushing's syndrome also include rapid weight gain, wide (>1 cm) violaceous striae, dorsocervical adiposity and facial plethora. 110, 111 None of the presentations however are pathognomonic of Cushing's syndrome; hence, biochemical tests are required for diagnosis.
EVALUATION
Hypertension may be present in up to 80% in adults with endogenous Cushing's syndrome, and the exact mechanisms are not fully understood. 112 Significant hypertension with hypokalaemia due to over-activation of the MR may be seen with excessive cortisol burden from ectopic ACTH Cushing's syndrome. 113 Although it is a rare cause of endocrine hypertension, Cushing's syndrome should be considered in the setting of resistant hypertension, hypertension at young age, or hypertension and any of the aforementioned predictive features, as well as the presence of adrenal incidentaloma. 105 
FIRST-LINE SCREENING TESTS
The 24 h UFC is a reliable reflection of serum free cortisol concentration and offers an integrated cortisol secretion profile. 111 It is collected in a plain 24 h bottle and corrected for the urinary creatinine excretion. The UFC has the advantage of not being confounded by the level of cortisolbinding globulin, which determines the serum (total) cortisol level. Cortisol-binding globulin level is raised by oestradiol excess such as in pregnancy or taking oral contraceptive pill, which therefore raises the total serum cortisol. 111, 114, 115 This test, however, is not recommended for patients with moderate to severe chronic renal impairment due to falsely low levels that may occur. 116 It may also be normal in mild cases of Cushing's syndrome and may be elevated in patients with pseudo-Cushing's syndrome (see later discussion). 111, 117 The inconvenience and errors in carrying out the actual collection may also limit the utility or accuracy in some patients. Because of this potential variability, it is often recommended that it is performed at least twice.
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The 1 mg DST is a quick, accurate and convenient screening test whereby the patient is instructed to take 2 × 0.5 mg dexamethasone tablet at bedtime (2300 h) and to have an early morning (0800 h) cortisol test the following day. 105, 111, 118 It has a reported high sensitivity when using cut-off morning cortisol level of <50 nmol/L and is therefore a very good test for excluding Cushing's syndrome. 111, 119 Because of high false positive rates, this test is not suitable for someone on oestrogencontaining preparations (see previous discussion) or on medications such as anti-epileptics (e.g. carbamazepine) that increase the metabolism of dexamethasone leading to suboptimal serum dexamethasone level for desired adrenal suppression. 120 It is the recommended test when evaluating patients with adrenal incidentaloma (see subclinical Cushing's syndrome hereafter).
The midnight salivary cortisol test evaluates the diurnal rhythm integrity of the hypothalamic-pituitary-adrenal axis, and it also reflects the free cortisol state in blood. 111, 121 Cortisol production dips in the evening reaching a nadir overnight before peaking in early morning. Multiple readings above the normal level (assay-specific and age-specific reference range) suggest Cushing's syndrome, and it is regarded to be as accurate as the UFC. 111, 114, 118, 122 It has the advantage of being a convenient and easy test to perform; salivary samples can be collected on successive nights and stored in the fridge prior to submitting them to the laboratory because of the relative stability of the salivary cortisol. 123, 124 It is also suitable for patients whom DST is not suitable or reliable (i.e. in pregnancy, on anti-epileptics) as it reflects the serum free cortisol level. 114 However, salivary cortisol measurements can be variable and may be influenced by recent food intake, cigarette smoking and vigorous exercise. [125] [126] [127] Therefore, avoidance of such factors prior to salivary collection and multiple sample collections is necessary for consistent and accurate results. It is also not suitable for evaluation in shift workers who are likely to have altered diurnal pattern.
DEFINITIVE DIAGNOSIS
Positive results in at least two of the three first-line tests should alert the clinician to the probability of Cushing's syndrome after excluding exogenous glucocorticoids, which can occasionally be challenging to identify. We recommend a referral to an endocrinologist at this stage of evaluation for further diagnostics and management. The endocrinologist may choose to repeat the first-line tests, arrange for further diagnostic tests such as the 2 mg daily DST over 48 h or the intravenous 4 mg DST, or pursue the differential diagnosis of Cushing's syndrome. 111, 128 Practices differ among centres; while some will be satisfied with two unequivocally positive different first-line screening tests, others including our centre will routinely pursue a more intensive and supervised diagnostic DST. Our centre performs the supervised, orally administered 2 mg daily (0.5 mg four times daily) DST over 48 h, employing a cut-off cortisol of <50 nmol/L at 48 h. 111 A diagnosis of Cushing's syndrome has significant ramifications in terms of downstream invasive evaluation and treatment. Once Cushing's syndrome is diagnosed, the next step will be to investigate the cause of cortisol hypersecretion. A suppressed/undetectable plasma ACTH level (ACTHindependent) will suggest an adrenal form of Cushing's, and an adrenal CT will usually be performed to detect a unilateral adrenal mass or BAH. Conversely, a normal or elevated ACTH suggests ACTH-dependent Cushing's syndrome (Cushing's disease or ectopic ACTH syndrome), which warrants a highdose DST (the 8 mg daily 48 h DST, using a >50% suppression of cortisol from baseline level at the end of 48 h to classify as Cushing's disease), MRI of the pituitary or inferior petrosal sampling to localize the source of the ACTH hypersecretion.
PHYSIOLOGICAL CORTISOL HYPERSECRETION (PSEUDO-CUSHING'S SYNDROME)
This is a state of hypercortisolism in which patients may present with some features of Cushing's syndrome (rarely cutaneous and muscular features) and mildly elevated (equivocal) biochemical results. This may be observed in a variety of conditions such as pregnancy, chronic pain, obesity and depression. 111 Routine screening for Cushing's syndrome is not recommended unless objective features (see previous discussion) are observed.
SUBCLINICAL CUSHING'S SYNDROME (AUTONOMOUS CORTISOL SECRETION)
This refers to biochemical hypercortisolism without the objective clinical manifestation of Cushing's syndrome and should be considered in the context of hypertension together with an adrenal mass lesion on CT or MRI. 130, 131 The true nature of this condition remains controversial with a lack of consensus on the diagnostic criteria. Studies have demonstrated increased rate of hypertension, diabetes, atherosclerosis, osteoporosis and mortality associated with subclinical Cushing's syndrome. 130, [132] [133] [134] [135] However, it is still uncertain whether treatment by unilateral adrenalectomy reduces mortality rate as compared with the benefits seen with hypertension and diabetes. 132, 136 The first-line test of choice is the 1 mg DST as the UFC, and the salivary cortisol test may not demonstrate sufficient sensitivity to detect subclinical Cushing's syndrome. 131, 137 There have been several proposed diagnostic criteria: positive 1 mg DST > 83 nmol/L with any one of low/suppressed ACTH, elevated 24 h UFC or midnight salivary cortisol or a sole post 1 mg DST of >138 nmol/L. 138, 139 The combination of 1 mg DST > 83 nmol/L, ACTH below 10 pg/mL (2.2 pmol/L) and elevated UFC showed the best balance between sensitivity and specificity in the evaluation of subclinical Cushing's syndrome. [138] [139] [140] A recent clinical practice guideline from the European Society for Endocrinology suggested that for a patient without overt Cushing's syndrome, 'autonomous cortisol secretion' refers to cortisol level post 1 mg DST of >138 nmol/L and between 51 and 138 nmol/L as 'possible autonomous cortisol secretion'. 131 However, the guideline also suggested follow-up accessory tests such as ACTH level, UFC and midnight salivary cortisol. The use of calculated agespecific and gender-specific DHEAS ratios (derived by dividing the DHEAS by the lower limit of the respective reference range) has gathered interest as a non-inferior test to the DST.
141,142

PHAEOCHROMOCYTOMAS AND PARAGANGLIOMAS
Phaeochromocytomas and paragangliomas (PPGL) are rare neuroendocrine tumours associated with hypertension due to the autonomous production of catecholamines such as adrenaline and noradrenaline. 143 Phaeochromocytomas are derived from the chromaffin cells of the adrenal medulla, whereas paragangliomas arise from the sympathetic ganglia, but the clinical presentations may be identical. 143, 144 PPGL have an estimated annual incidence of 0.5-0.8 per 100 000 person-years and probably account for 0.2-0.6% of hypertensive individuals. 143, 145, 146 While most are sporadic disease presenting in midlife, underlying genetic mutations are common and approximately 30% are germ line that often manifest as bilateral adrenal disease. 143, 147 The germ line mutations most commonly associated with PPGL are in the Von-Hippel Lindau, RET proto-oncogene, neurofibromatosis type 1 (NF-1) and genes encoding components of the succinate dehydrogenase complex. 143 In-depth discussion on the increasing discovery of other mutations associated with PPGL is beyond the scope of this review. Clinical features of PPGL may include hypertension, which may be labile or paroxysmal, with non-specific headaches, 'funny' turns and dizziness, hyperhidrosis, anxiety and tachycardia. 148, 149 Some may also be asymptomatic and present with an incidental adrenal mass on imaging for other reasons or with extreme hypertension at induction of anaesthesia. 149, 150 It is therefore not uncommon for the disease to be diagnosed late with radiological finding of an adrenal tumour more than 4 cm. 151 Indications for screening include onset of hypertension, especially resistant hypertension at a young age, symptoms of PPGL as illustrated earlier, adrenal incidentaloma, family history of PPGL and paroxysms in response to stimuli such as general anaesthesia, β-blockers (if not associated with α-blockade due to catecholamine binding to α1-adrenargic receptors) and sympathomimetics.
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Diagnosis: The test of choice to exclude PPGL is plasma free metanephrines taken in supine position, which measures the metabolites of catecholamines and is widely regarded as the most sensitive test of 96-100%. 143, 152 A negative result effectively rules out PPGL. The 'metanephrines' test collectively consists of normetanephrine (metabolite of noradrenaline), metanephrine (metabolite of adrenaline) and methoxytyramine (metabolite of dopamine). In our centre, we measure the plasma free metanephrines by LC-MS/MS as recommended by the Endocrine Society guideline 2014. 143 The specificity for plasma free metanephrines, although more variable from various centres, is regarded as non-inferior to other tests in the Endocrine Society guideline. 143 However, it is notable that some had found much lower specificity of 85%, thus creating higher false positive result rates especially if plasma free metanephrines are less than four times the upper range of normal level. [153] [154] [155] [156] False positive results can be caused by interfering medications (i.e. sympathomimetic agents, clozapine and other psychotics, withdrawal from clonidine, tricyclic antidepressants), stress and illnesses, and inappropriate sampling in an upright position. 143, 155, 157, 158 Interfering medications should be withheld (if and when safe and appropriate) for 2-3 weeks prior to biochemical testing. A mildly positive plasma metanephrine in a low-risk individual does not indicate PPGL, whereas in a high-risk individual, it may, which includes one with a family history or previous history of PPGL or one who have had highly suspicious features of PPGL on imaging. 153, 154 We therefore recommend a referral to an endocrinologist when positive metanephrine test is encountered. The 24 h urine fractionated metanephrines, although more cumbersome, may offer a higher specificity and thus less false positive results in some centres. 153, 154 At Mayo Clinic, it is the initial test of choice evaluating low-risk individual with suggestive symptoms. It may also serve as a useful test to verify a borderline positive plasma metanephrines test. 156 The urine metanephrines undergo acid hydrolysis when collected in an acid container, therefore yielding free metanephrines for measurement by LC-MS/MS. 159 This test has superseded the 24 h urine catecholamines and vanillylmandelic acid, which have been reported to have higher false negative rates. 160 False positive result with plasma free or urine fractionated metanephrines is a significant problem that can be difficult to resolve. The Clonidine suppression test had been proposed to differentiate between true and false positive in borderline elevated plasma metanephrines although proper validation of this test has not been performed. 143, 155 Other centres use chromogranin A levels (also subject to multiple interfering factors, most commonly proton pump inhibitors and renal impairment), urine fractionated metanephrines or repeated plasma free metanephrines measurements at planned intervals to follow up the less than convincing elevated plasma metanephrines. 143, 156 Some patients with PPGL may present with normal or borderline elevated metanephrines in early disease, thus adding to the difficulty of interpreting any positive results. 153 Imaging is recommended after biochemical confirmation of PPGL. Contrast CT or MRI of abdomen and pelvis is a reasonable approach because of the high sensitivity (88-100%) of detecting PPGL. 143, [161] [162] [163] CT has a higher spatial resolution compared with MRI, and the use of contrast with CT is quite safe with PPGL. 164 MRI may be superior for detecting metastatic PPGL and useful in patients when radiation exposure is contraindicated. 143, 165 Functional imaging is useful in patients with increased risk of extra-adrenal or metastatic disease, such as those with large primary tumours, bilateral adrenal tumours or paragangliomas. 143 123-I metaiodobenzylguanidine (MIBG) scintigraphy, a compound resembling noradrenaline, is commonly used for this purpose with a sensitivity of 75-95% and specificity of 70-100%. 143, 166, 167 Iodine administration prior to MIBG is recommended for thyroid protection. While it may be regarded as superfluous in the evaluation of sporadic single adrenal phaeochromocytoma by conventional imaging, some centres including ours still include this test as part of the routine workup for PPGL to exclude possible bilateral or extra-adrenal disease. There are however several limitations to this test. Normal adrenal glands do take up MIBG; therefore, unless corroborated by structural imaging and biochemistry, the findings may be misleading. 143 It has lower sensitivity for metastatic or recurrent PPGL, especially for succinate dehydrogenase B SDHB-related PPGL. [168] [169] [170] [171] Studies have demonstrated that 18F-FDOPA PET to be superior to 123-I MIBG for localising PPGL. 172 Recently, 18F-FDOPA PET/CT was shown to be excellent in detecting sporadic PPGL as well as head and neck PPGL; however, there was a higher risk of false negative in SDHx related tumours. 173, 174 The Endocrine Society Guidelines recommend FDG-PET/CT as the functional imaging of choice for metastatic PPGL because of its superior sensitivity. 143, 175, 176 More recently, Ga-68 DOTATATE PET/CT has been shown to be either superior or non-inferior to FDG-PET/CT for detection of metastatic PPGL. 177, 178 Genetic testing may be recommended when appropriate in the follow-up of confirmed PPGL and should follow a scheduled protocol based on probability of detection. Features such as young age, strong family history or syndromic presentation, paraganglioma and bilateral adrenal phaeochromocytoma warrant investigation of underlying genetic mutations, and several algorithms had been published for guidance. 143, 179, 180 We recommend a referral to an endocrinologist and a clinical geneticist for a collaborative management.
RARE ENDOCRINE CAUSES OF HYPERTENSION -ACROMEGALY, THYROID DYSFUNCTION AND HYPERPARATHYROIDISM
Apart from the adrenal causes of hypertension discussed thus far, other endocrine pathologies rarely present with hypertension. They are discussed here more for interest than practical use. Acromegaly is a rare, insidious disease, commonly caused by a pituitary adenoma, which causes the overproduction of growth hormone (GH) and subsequent increase in insulin-like growth factor 1. It is associated with a range of comorbidities. Aside from somatic overgrowth evident in hand and feet enlargement, coarse facial features and soft tissue hypertrophy, other common comorbidities include diabetes, dyslipidemia, carpal tunnel syndrome, osteoarthritis and obstructive sleep apnea. 181 The most prevalent cardiovascular complications of acromegaly include a cardiomyopathy, characterized by cardiac hypertrophy and diastolic and systolic dysfunction together with arterial hypertension, cardiac rhythm disorders and valve diseases. 182 The diagnosis of acromegaly can be made based on an elevated serum insulin-like growth factor 1 level (range is age and laboratory-dependent) and a non-suppressed GH in response to oral glucose tolerance testing. 181 GH itself is secreted episodically; hence, an isolated GH level has little diagnostic value. In hyperthyroidism, approximately one-third of patients experience systolic hypertension due to a combination of increased heart rate, decreased systemic vascular resistance and raised cardiac output. 183, 184 In contrast, hypothyroid patients tend to have diastolic hypertension due to impaired
Diagnosing endocrine hypertension endothelial function, increased systemic vascular resistance and extracellular volume expansion. 185 Reported prevalence of hypertension in hypothyroid patients varies from 3% to 60%, depending on the diagnostic criteria for hypertension, degree of thyroid dysfunction and patient age. 186 Hypertension resolves after achieving euthyroidism for both hyperthyroidism and hypothyroidism. Biochemical assessment includes measurement of the thyroid stimulating hormone and free thyroxine. Primary hyperparathyroidism is a relatively common endocrine disorder characterized by hypercalcaemia resulting from the overproduction of parathyroid hormone (PTH) by parathyroid adenoma or hyperplasia. Mild PHTP is often detected incidentally on biochemical tests while PHTP with significant hypercalcaemia may present with polyuria, polydipsia, abdominal pain, renal colic, osteoporosis with fractures or renal impairment. Hypertension is observed in 40-80% of patients with PHTP and is associated with lack of nocturnal dipping in at least half. 187, 188 Significant reduction in BP is observed after successful parathyroidectomy and normalization of PTH, but only in some studies. [189] [190] [191] The mechanisms of hypertension in PHTP are still unclear. There are some reports of an association between PHTP and PA, 192, 193 although the increased PTH levels are attributed to calcium loss associated with PA. 194 In fact, PTH levels return to normal after PA treatment. Biochemical evaluation of PHTP includes measurement of PTH, calcium, phosphate, albumin and vitamin D, as well as 24 h urinary calcium excretion. In the setting of hypertension, plasma aldosterone and renin should also be checked.
CONCLUSION
The most important endocrine condition to evaluate in the workup of secondary hypertension is PA, which often presents without specific symptoms or signs. Screening with the aldosterone:renin ratio is the crucial first step to diagnosis. Less common endocrine causes of hypertension include cortisol excess and catecholamine excess. The diagnosis can be very rewarding as these conditions are all curable or treatable with targeted therapy, which may significantly reduce the risk of adverse cardiovascular outcomes. Careful preparation for biochemical tests and meticulous interpretation of results are required to ensure an accurate diagnosis and optimal management.
